The paper presents short profile of analytical and numerical methods used in bioelectromagnetic modeling. Some comparison of different models of human being was made. Author analyzed it in the following points of view: time of calculations and technical specifications
Introduction
The principles of electrodynamics go back to the 19th century, the time when James Clark Maxwell introduced unification to the electromagnetic fields (EMF) theory and also brought in, even now famous, system of differential equations, which combines the electric and magnetic field with the electric and magnetic induction [1] . The formulas above have been applied in analytical and numerical methods, which are used to solve electromagnetic problems. Naturally, experiments are also used to study matters relating to EMF, however, they are often costly, timeconsuming and very frequently they do not allow for an unrestricted change of parameters.
An analytical method is used when a problem requires an accurate solution. Amongst the most frequently used analytical methods in regards to matters related to EMF, there are [2] [3] [4] : * E-mail: Tomasz.Dlugosz@pwr.wroc.pl
• separation of variables method,
• mirror reflection method,
• conformal representation method,
• integration methods.
Although analytical methods lead to accurate solutions of formulas describing EMF, they can only be applied to very simple cases, namely thin antennas or simple radiating structures [5, 6] , and therefore, their use is somehow limited. Any problems which can be solved using analytical methods have already been solved in the last century.
Numerical methods
The employment of numerical methods in the EMF analysis started in the sixties of the last century. Their role in solving electromagnetic problems was possible, thanks to the development, initially of counting machines, then of personal computers, and currently of enormous computer centres equipped in newest servers, which apart from possessing efficient multi-core processors, also boast an incredible amount of RAM memory and very spacious matrixes of their hard discs. Contrary to analytical methods, numerical methods produce approximate solutions. Currently, there is a large number of numerical methods being used on a regular basis, namely a finite difference method in regards to time, a moment method, or a finite element method [7] [8] [9] . Tools used for computer simulation of electromagnetic structures [10] that are currently available on the market, very often do not limit themselves to one specific numerical method, but consist of at least two or more methods. Such a hybridization of methods, used for solving a general problem, permits different methods to be used in partial matters, which in the end leads to obtaining more accurate results, shortening of the calculation time and reduction of requirements on the RAM memory [11] . For that effect, a computer simulation of the impact the exposition system has, in the form of a section of TEM line, on the tested biological object in the form of a human (Fig. 2) , was carried out. The impact of the system is expressed by the quantity of power consumed (P ) by the examined object in the dimension function of the exposition system. This topic was discussed by the author on many occasions [5, 6] , and that is why details will be omitted here. Any interested readers should refer to the listed bibliography.
Results
Three human body models were chosen for the purpose of this research -cylindrical, block and a model suggested by the author, with one centimetre resolution (Fig. 3) . The models are of equal height of 1.7m and a width of 0.3m. The electrical parameters of the tissue are σ = 0,73 S/m and ε = 66,18. The estimated results prepared with the use of Feko (www.feko.info) system are shown on Figure 4 . There are two elements requiring our attention: 1) The impact the system has on the tested object decreases together with the increase of d/h ratio, which causes the absorbed power to decrease and asymptotically head towards the absorbed power in conditions corresponding to an unbounded space, when the effect of the present line plate can be omitted. One can say that this condition is fulfilled for d/h ≈ 2, whilst there exists a regularity pointing to quick similarity with small frequencies and the increase in absorption along the increase of frequency. By ensuring the similarities of results from an exposition system with the ones received in an unbounded space, it provides the possibility of a minimalisation of errors which are committed when the bioelectromagnetic tests results are interpreted. It also allows the results to be compared by different research institutes.
2) The character of power changes always stays the same, irrelevant of the model used. It can also be noted that the quantity of the absorbed power decreases together with the increase of the tested model resolution.
If the results obtained, not withstanding their complexity, point to the same character of power changes, and vary only in regards to its quantity, a question starts to arise: should complicated models be used on every occasion?
If, in addition, we consider the computer memory utilisation and the time required to calculate the absorbed power and the distribution in the near-field region, the differences are then quite substantial:
• the time required to calculate the absorbed power of the centimetre model is ten times longer than for a cylindrical model and twice as long than for a block model (Fig. 5 ),
• RAM memory used by the model with one centimetre resolution is approximately 6.5 times bigger than for a cylindrical model and approximately 1.5 times bigger than for a block model (Fig. 6 ),
• The time required for calculations is rapidly increased, if apart from the absorbed power we would like to calculate the distribution in the near-field region (Fig. 7) .
Summary
This article quickly describes various methods of solving problems related to EMF -analytical and numerical methods. The author also concentrated on the resolution choice of a human body mode in regards to the bioelectromagnetic problems and computer simulations. The choice of the model depends on the type of tests that are carried out. It is not always necessary to use a model with one millimetre resolution.
If we want to concentrate on a given issue and not on detailed calculations of distribution of EMF within the object, we only require simple models in the form of uniform bodies.
